The tunneling phenomena in double barrier heterostructures can be affected by various effects. In this paper the effect of the intense THz radiation on the electron dynamics in the double barrier heterostructure is investigated. For the low frequency radiation the shift in the energy scale of the resonant tunneling peak together with its broadening is observed. For the high radiation frequency the multipeak structure is obtained. The interaction with radiation quanta leads to sequential tunneling and the transmitted wave function consists of single separated wave packets. Resonant tunneling through double barrier structures makes these systems very promising candidates for new generation of ultra high speed electronic devices [1] . The operating frequency of such devices allows for their applications as the integrated microwave generators. Moreover, the device interaction with the electromagnetic radiation is considered to have very interesting applications. High frequency electromagnetic field influences significantly carrier dynamics in low-dimensional stuctures and the time-dependent methods are required for the proper description of such phenomena.
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Recently the experimental evidence of splitting of the resonant tunneling peak of the heterostucture placed in the intensive THz field has been reported [2] [3] [4] . The signs of photon assisted tunneling have been also reported in semiconductor superlattices [5] and quantum dots [6] .
The interaction of the carriers with the photons can be described, in the first approximation, as the dipole interaction with the oscillating electric field of frequency corresponding to the photon energy 1 ω. The photon assisted tunneling can be investigated in the two main regimes. For small photon energies the device acts as a classical energy detector, while for higher photon energies absorption of the single photon can lead to the tunneling of the additional electron. Additionally, for the high field strength, multiphoton processes may become important. The absorption and emission of the radiation quanta will lead to the splitting of the resonant tunneling peak. With the increase in the photon energy the multiphoton emission and absorption can take place and multiple satellite peaks should occur.
The standard description of the system interacting with the radiation field is based on the stationary or quasi-stationary (Flequet) approach and gives no information about the tunneling dynamics. The adiabatic change of the electron energy in the high frequency electric field is assumed and the tunneling current in presence of the ac field can be expressed in terms of the current without irradiation shifted by the photon energy. Interesting features are expected to appear in the irradiated structure at the voltages shifted by ±nħω/e compared to the original resonant peak of the tunneling characteristics. The relative replica size depends on the strength of the radiation field. This effect becomes important when the voltage drop across the barrier due to the ac field becomes comparable to the photon energy.
In this paper we introduce, for the first time, interaction of the carriers with the photons to the time-dependent description of the tunneling phenomena [7, 8] . This allows us to obtain proper analysis of the photon assisted tunneling in the limit of both high and low frequencies.
The double barrier resonant tunneling stucture is formed by n-type ZnSe layer of width d = 47.6 Α (quantum well) surrounded by p-type ZnTe layers of width dB = 26.4 Α (barrier region). The height of the barrier is V0 = 0.59 eV which results in the presence of one discrete energy level in the well (Ε0 = 0.38 eV). The stucture is placed between wide n-type ZnSe layers (with length greater than 1000 Å). The system is investigated under constant voltage V applied along the growth direction. The linear potential changes only in the barrier regions are assumed [8] . Within electrical dipole approximation the electron photon coupling is described in the Hamiltonian by the oscillating electric field added to the double barrier potential As a result, the electron is placed in the time-dependent potential. The electron dynamics is obtained by solving, within effective mass approximation [9] , the time-dependent Schrödinger equation where m* is the electron effective mass and depends on the layer type (m*ZnSe = 0.16me, m*ZnTe = 0.32m e ). and VB(x) denotes static double barrier potential with external voltage applied to the stucture. The time-dependent Schrödinger equation (2) is solved using discrete grid methods as it was reported previously [10, 11] -. The initial wave function is of the Gaussian shape, and its parameters, time step and the grid size are the same as in the previous papers [7, 12] . The intensity of the electromagnetic field Ε = 102.85 kV/cm is chosen in the high intensity limit to emphasize the multiphoton effects.
The tunneling probability calculated with the absence of the electromagnetic radiation exhibits single resonant peak at the applied voltage V V = 0.77 V. The oscillating electric field applied across the structure changes significantly the tunneling probability characteristics. As is presented in Fig. 1 the tunneling probability shows different behavior for the low (ħω < 0.01 eV) and high (hω > 0.01 eV) frequencies of the ac field.
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For the low frequencies ω one tunneling peak is observed. However, the resonant tunneling peak is broadened and shifted to the higher energies. The maximal tunneling probability is lowered. With the increase in the photon energy the tunneling peak becomes wider and multipeak structure appears. Further increase in the ac field frequency leads to the better resolution of the multipeak stucture. The peak amplitude and peak separation in the energy scale increase with the photon energy. For the highest investigated photon energy ħω = 0.0414 eV (10 THz) the amplitude of the central resonant peak is similar to that in the absence of the electromagnetic radiation. This shows that tunneling is not significantly suppressed, however, the width of the resonant tunneling peak is smaller compared to the one with absence of the electromagnetic field. The amplitudes of the satellite peaks decrease with the photon energy and are lower than that of the main peak. The energy position of the satellite peaks changes almost linearly with the increase in the photon energy.
The obtained results are consistent with the stationary or quasi-stationary approach. In the low frequency limit the oscillating field Vac (x, t) varies slowly compared to the time scale of the tunneling process. As a result, the electron effectively feels almost constant double barrier potential modified by the slowly varying linear term. In consequence, the shift of the position of the discrete energy level in the quantum well is obtained, which is observed as the shift of the resonant tunneling peak position. In turn, the presence of the multipeak stucture in the high photon frequency limit can be viewed as tunneling to photon side bands of a state in the quantum well. The energy of side bands Ε0±nħω is in good agreement with the observed peak positions.
The presented simple picture cannot be applied in the region of moderate photon energies close to 0.01 eV. The time-dependent tunneling characteristics presented in Fig. 2 show that initially, for the time up to 0.2 ps, only one broadened and shifted resonant tunneling peak is observed. After that the second peak at the voltage 0.66 V develops. Finally, at the time 0.6 ps the multipeak stucture develops. In the THz fleld the tunneling process is stepwise except for the low frequency limit. The transmitted wave function, as presented in Fig. 3 , splits to the nearly Gaussian wave packets separated by 0.2 ps. The width of transmitted wave packets is smaller than when electromagnetic radiation is absent [8, 12] and reflects the energetic width of the photonic quasi-levels. The interaction with the electromagnetic radiation splits transmitted wave packets into smaller packets.
In conclusion, the detailed time-dependent picture of the photon assisted resonant tunneling phenomena in the double barrier stucture is presented. The obtained results allow for understanding of the process and better interpretation of the experimental data.
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